A study was undertaken to describe the practice and outcomes of mechanical ventilation throughout Korea. This prospective cohort study was conducted over a three-month period enrolling patients (n=519) who received mechanical ventilation for more than 72 hours in 21 university hospital intensive care units throughout Korea.
Mechanical ventilation (MV) is an indispensable treatment in intensive care, but significantly increases medical costs 1 . Moreover, MV, if prolonged, results in compromised health-related quality of life compared with those of a matched general population 2 . Several reports have described MV use in intensive care units (ICU), including the characteristics of treated patients, the method of ventilator support and patient outcomes [3] [4] [5] [6] . However, there have been few reports from Asian countries. aspiration, pneumonia, sepsis or septic shock 9 , or trauma. Measured tidal volume (the mean value of five consecutive tidal breaths in a stable state) was expressed as the tidal volume per predicted body weight 10 . The duration of MV was calculated as the time between the initiation of MV and the start of weaning that eventually resulted in success, as defined below. Significant cardiac arrhythmias were defined as any arrhythmia that required anti-arrhythmic agents or electrical cardioversion or was followed by a reduction in systolic blood pressure below 25% of baseline for longer than 30 minutes. Barotrauma was defined as pneumothorax, pneumomediastinum, pneumoperitoneum, subcutaneous emphysema on chest X-ray or physical examination that was thought related to MV. Nosocomial pneumonia was diagnosed according to the Center for Disease Control definition 11 . The attending physician chose the method of weaning. The final weaning method was the last mode that resulted in successful weaning, i.e. spontaneous unassisted breathing for >48 hours. The onset of the weaning process was dictated by the attending physician when he or she reduced the level of ventilatory support or started a spontaneous breathing trial for the purpose of weaning. The need for and timing of reintubation within 48 hours of extubation was recorded. Deconditioning of respiratory muscles was defined as weaning failure associated with paradoxical abdominal motion and/or use of accessory respiratory muscles without a preceding history of neuromuscular disease. All patients were followed up until hospital discharge.
Statistical analysis
Quantitative values are expressed as the mean ± SD. Categorical variables related to patient management and events occurring over the course of MV were coded as 0 (absence) or 1 (presence). Continuous variables (age, APACHe II score, P a o 2 /F i o 2 ratio, positive end-expiratory pressure and tidal volume) were coded as dummy variables if needed for comparison of all categories with the category related to lower mortality. The remaining continuous variables were dichotomised, using cutoff points based on published threshold values. For univariate analyses, frequencies were compared using the chi-square test and adjusted odds ratios, and 95% confidence intervals were calculated. Comparison between groups with respect to the reason for MV was made using a one-way analysis of variance for continuous variables. To estimate the simultaneous effects of multiple variables on ICU Clinical settings relevant to MV care may vary from country to country as a consequence of variation in the prevalence of causes of respiratory failure. In addition, the practice and outcomes of MV in particular countries may be further modified by socio-cultural factors and by medical delivery systems 7 . As in many Asian countries, Korea has few full-time critical care physicians or registered respiratory therapists and this may increase the probability of prolonged ICU stays.
The aims of this prospective survey were to identify the indications for MV in Korean ICUs, the clinical characteristics and outcomes of patients receiving MV, the ventilation protocols and the methods employed for weaning from MV. In addition, we compared some aspects of the findings with those from western countries.
MeTHoDS

Study design
we conducted a prospective cohort study of consecutive adult patients who received MV for longer than 72 consecutive hours between May 1 and July 31, 2003, at 21 university hospital ICUs in Korea. The institutions represented major referral hospitals throughout the country. Before data collection the study protocol was reviewed and approved by the institutional review board of each hospital. Paediatric ICUs and coronary care units were excluded.
Physicians working in the enrolled ICUs
resident physicians and interns assigned to ICU care were available at all times at all of the participating ICUs. Full-time critical care physicians, who by definition spend more than 50% of their working time in ICU care, were available at only four of the institutions (19%). These ICUs were also run on an open system like the other ICUs. At the other 17 institutions, the patient's attending physician supervised the ICU resident physicians.
Data collection
we collected data using a patient report form that surveyed patient demographics, indications for MV, type of artificial airway used, ventilator modes and settings, methods of weaning, other supportive measures including deep vein thrombosis (DVT) prevention and patient outcomes. The indication for MV was selected from a predefined list of causes of respiratory failure. Causes of acute respiratory failure (ArF) included postoperative state, acute respiratory distress syndrome (ArDS) 8 , acute pulmonary oedema/congestive heart failure, mortality, a multivariate analysis was performed using a conditional logistic regression model and an entry selection method to correct for co-linearity.
The criterion for entering variables tested in the model was P <0.10. Statistical analyses were performed using the SPSS version 12.0 package (SPSS Inc, Chicago, IL, USA). A P value <0.05 was considered statistically significant.
reSULTS
Population characteristics
over the three-month study period, 519 patients were enrolled. All patients were followed for 28 days. The mean patient age was 62.9±15.9 years. Pre-existing medical disease was present in 372 patients and included neoplasm (85), chronic renal disease (35), chronic liver disease (33) and diabetes mellitus (17) . The mean APACHe II score was 25.4 in ArDS patients and 17.8 in postoperative patients. The mean length of stay in the ICU was 17.4 days for ArDS patients and 15.3 days for postoperative patients.
Indications for MV
The reasons for MV in patients are listed in Table 1 . The most common reason was ArF, which occurred in 73.4% of patients. The most common cause of ArF was pneumonia, whereas the most common cause of acute-on-chronic respiratory failure (ACrF) was tuberculous lung disease.
Airways
MV was initially delivered via an orotracheal tube in 394 patients (90.4%), tracheostomy in 16 patients (3.7%) and nasotracheal tube in six patients (1.4%). Non-invasive positive pressure ventilation (NPPV) was used as the first MV method in 20 patients (4.6%), which was practised in only five ICUs. Tracheostomy was performed at 15.3±7.3 days (mean ± SD) after initiation of MV.
Mode and setting of MV
Initial ventilator modes were volume control ventilation in 43.0% of patients and pressure control ventilation in 28.3% of patients. Volume control ventilation was the most common ventilation mode in ArDS (45.3%) and postoperative patients (36.8%). NPPV was used in only 11.9% of ACrF patients. Mean tidal volume for all patients was 8.0 ml/kg of predicted body weight. Mean tidal volume for ArDS patients was 7.6 ml/kg of predicted body weight and mean positive endexpiratory pressure (PeeP) was 9.4 cm H 2 o.
Use of sedatives and neuromuscular blockers
Sedatives of any type were administered in 412 patients (79.4%) and neuromuscular blockers were administered in 218 patients (42.0%).
Complications of MV
Complications of MV were nosocomial pneumonia in 53 (10.2%), clinically significant arrhythmias in six (1.2%), barotrauma in 15 (2.9%), deconditioning of respiratory muscle in four (0.8%) and tracheal stenosis in one (0.2%).
Weaning from MV
The most common initial weaning method was pressure support ventilation (PSV) (99 patients; 29.9%), whereas the most common final weaning method was spontaneous breathing using a T-piece (Table 3 ). other weaning methods included the 
ArDS=acute respiratory distress syndrome, ACrF=acute-on-chronic respiratory failure, PSV=pressure support ventilation, SIMV=synchronised intermittent mandatory ventilation, NPPV=non-invasive positive pressure ventilation, PCV=pressure control ventilation, VCV=volume control ventilation. 
Ancillary treatments during MV
Prophylaxis against DVT and stress ulcers were applied in 180 (34.7%) and 446 (85.9%) patients, respectively. Time to resumption of enteral feeding of any amount was 3.3±3.3 days.
Weaning and survival outcomes
The total duration of MV, time spent for weaning and the length of ICU stay as a function of the reason for MV initiation are shown in Table 4 . During the study period, 238 patients (46.7% of reported cases for outcome) were successfully weaned. The weaning success rate was 47% in ArDS patients and 81.1% in postoperative patients (Table 5 ). Twenty-eight day ICU mortality rates were 46.2% in ArDS patients, 43.3% in non-ArDS sepsis patients and 22.2% in postoperative patients ( Table 5 ). The mortality of patients with tuberculous lung disease was 52.4%. At 28 days, 174 patients died in the ICU (34.6%), 33 (6.6%) were discharged hopeless and eight (1.6%) were discharged against medical advice. Two hundred and twenty-four patients (44.5%) were transferred to general wards, 37 (7.4%) were transferred to another hospital and 35 (7.0%) remained in the ICU. The causes of death were multiorgan failure in 58 (31.4%), septic shock in 52 (28.1%), respiratory failure in 37 (20.0%), heart failure in 14 (7.6%) and hepatic failure in seven (3.8%).
Effect of presence of full-time critical care physicians on ventilatory management in patients with ARDS
In addition to 53 patients with the diagnosis on presentation, ArDS developed in 48 other patients during the 28 days. Thirty-three of the total patients with ArDS (101) were managed in ICUs with full-time critical care physicians. These patients received a higher PeeP level (10.4 vs. 7.1 cmH 2 o, P=0.001) during the first 72 hours compared with ArDS patients in ICUs without such full-time critical care physicians (Table 6 ). other ancillary treatments during MV were more applied in ICUs attended by full-time critical care physicians (P <0.05): DVT prophylaxis (48.5% vs. 14.5%), prone positioning (24.2% vs. 8.8%), nitric oxide ArDS=acute respiratory distress syndrome, ACrF=acute-on-chronic respiratory failure, ICU =intensive care unit. 
MV prognostic factors for patient mortality
Univariate analysis showed that factors associated with mortality included APACHe II scores greater than 20; acute-on-CrF, neuromuscular disease and ArDS as reasons for ventilatory support; neoplasms, chronic renal diseases, postoperative care; a respiratory rate >30 /min at 72 hours of ventilatory support, parenteral nutrition and the absence of DVT prevention (Table 7) . Cox proportional analysis showed that independent factors associated with mortality included the APACHe II score, indications for mechanical ventilation, and enteral feeding.
DISCUSSIoN
Population characteristics and indications for MV
Patients in Korean adult ICUs were similar to comparable MV patients in western countries with respect to age, but the APACHe II scores were slightly higher 8, 12, 13 . Primary indications for MV in Korea are similar to western ICUs 13 . However, tuberculous lung disease was the most frequent aetiology of MV in the group of ACrF patients. As tuberculosis is still prevalent in Korea (incidence 73.2/100,000 in 2006; statistics of the Korean Health and welfare Bureau) 14 compared with western countries (4.6/100,000 in 2006; USA) 15 , our result suggest that tuberculous lung disease may be an important cause of ACrF in Asian countries.
Ventilatory strategy
The selection of initial modes of mechanical ventilation varied considerably among participating ICUs. Almost half the patients were cared for in the volume-controlled mode and 20% by volumecontrolled SIMV. These are similar values to those in previous reports 3, 13 . Few ICUs adopted NPPV as an initial mode of ventilation in patients with ACrF. This rate is much lower than in western countries 16 . This could be attributable to relatively short history of NPPV in our country, low nurseto-patient ratio and inadequate reimbursement from the government compared with invasive ventilation.
In contrast to the diversity in preferred ventilation modes, the magnitude of tidal volume was consistent among the ICUs investigated. The mean PeeP level was highest in ArDS patients compared with other causes of respiratory failure, suggesting that physicians were aware of lung-protecting strategies in MV 17 or that their oxygenation was worse prompting higher PeeP levels. Use of sedative and neuromuscular blockers The use of sedatives (79.4% of patients) was higher than reported in an earlier study (68%) by the International Mechanical Ventilation Study Group 18 . An excessive use of sedatives can lengthen ventilation days required, ICU stays and morbidity 18, 19 . Together with the relatively longer duration of the MV in our result, this rate of sedative use in Korean institutions requires attention from physicians and efforts to reduce it through daily interruption as now internationally recommended 20 .
Effect of full-time ventilatory management in patients with ARDS and preventative measures for DVT and stress ulcer prophylaxis
ICUs managed by critical care physicians showed better compliance with current guidelines in critical care medicine, as illustrated by the higher rates of use of many preventative measures for patients receiving MV. However, the total duration of MV was not different between institutions with full-time critical care physician and institutions without them. Differences among institutions, e.g. patient severity, could have masked the influence of critical care physicians. To discern the impact of the presence of critical care physician, a controlled randomised prospective study would be necessary.
Patients on MV are vulnerable to a few important complications including DVT 21 and stress ulcers 22 . To our surprise, DVT prophylaxis was performed in only 34.7% of ventilated subjects. weak evidence for this may be the lower level of obesity in the general population in Korea. The average body mass index in Korean adults is 23.3 to 24.1 kg/m 2 as compared with 27.9 kg/m 2 in the USA 23, 24 .
Weaning from MV
The most common initial weaning method was PSV and the most common final weaning method was spontaneous breathing using a T-piece. These results differ from those of a european study in which the combination of SIMV and PSV was the most common weaning method 14 . As recent studies indicate better results with spontaneous breathing using a T-piece or PSV [25] [26] [27] , Korean weaning methods largely conform to current evidence.
Outcome of MV
Incidences of ventilator-associated pneumonia and barotrauma were similar to those in western countries 28, 29 . The mean duration of MV was 10.8 days in general, around 10 to 13 days for patients with ArF and 11.2 days for patients with ACrF, which was slightly longer than previously reported. The observed 28-day ICU mortality (34.5%) was comparable to that in a study in western countries 29 . However, the crude mortality of ArDS patients (46.2%) appeared to be higher than that in a study conducted in western countries 8 . The difference in ArDS mortality may be due to differences in the severity of the general medical condition of our patients as reflected in a higher APACHE II score (25.4 vs. 19 .08), differences in ICU organisation in terms of nurse-to-bed ratio and the limited availability of critical care physicians and respiratory therapists.
Survival of respiratory failure patients depends not only on factors present when initiating MV but also on the development of complications, changes in monitored variables and patient management during the course of MV 4 . In multivariate analyses the factors independently associated with decreased survival were a higher APACHe II score and ACrF as a reason for mechanical ventilation. The only factor independently associated with decreased mortality was enteral feeding. This finding is not consistent with the results of other studies. For example, in one study both acute lung injury and sepsis as causes of MV were independently associated with an increased hospital mortality rate 30 .
The present study has limitations that are inherent with studies using a questionnaire. we were not able to identify the final outcome in 16 registered patients. In addition, we did not survey the development of organ failure, which is known to be an important prognostic factor in critically ill patients.
CoNCLUSIoN
Most demographic variables, disease severity and mortality of Korean MV patients were similar to those of patients in western countries. However, tuberculous lung disease was an important aetiology of acute-on-chronic respiratory failure patients requiring mechanical ventilation in Korea. Noninvasive positive pressure ventilation was not as frequently used in the Korean ICUs as in western countries 31 . our data suggest that the presence of full-time critical care physicians on site may facilitate adoption of recommended guidelines for MV use in Korea.
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